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METHOD OF ADJUSTING FREQUENCY OF CELLULAR RADIO REPEATER 

FIELD OF THE INVENTION 

The invention relates to a method of adjusting the radio frequency 
of a repeater in a cellular radio network, the repeater amplifying radio signals 
5 of a bi-directional radio connection between a base station and a subscriber 
terminal at least at one particular radio frequency. 

BACKGROUND OF THE INVENTION 

Cellular radio networks use repeaters for covering shadow regions 
of a base station. The shadow regions are caused by difficult terrain condi- 

10 tions, including mountains, buildings and tunnels. The repeater advanta- 
geously improves the quality of a radio connection between the base station 
and the subscriber terminal, since the acquisition and operating costs of the 
repeater, being simpler in structure, are lower than those of the actual base 
station. The repeater, as compared with the base station, provides a consider*- 

15 able saving particularly in telecommunication connections, because it does not 
need expensive fixed transmission capacity which is required between the 
base station and a base station controller. 

The repeaters are most commonly used in road tunnels, under- 
ground stations, car parks and other similar locations under ground from 

20 where it is difficult or impossible to implement a direct radio connection to the 
base station. The use of the repeaters is more difficult in an open terrain, be- 
cause a radio signal propagates over two paths between the base station and 
the subscriber terminal: directly and via the repeater. This brings about inter- 
ference in the form of multipath-propagated signal components to the received 

25 signal. 

The repeater thus amplifies the signals of a base station that oper- 
ates at a particular frequency. Each repeater must be adjusted to amplify radio 
frequencies used by a particular base station. When a large number of repeat- 
ers is involved, adjusting them to the correct frequency becomes a laborious 

30 task that is prone to errors. Typically, a network administrator must perform 
frequency changes in the network in connection with the extension, increase 
of capacity and tuning of the network. When frequencies are reallocated, the 
repeaters within the area of each base station must also be modified to -use 
the radio frequencies in accordance with a new frequency plan, for the repeat- 

35 ers are channel selective and must therefore be configured to use the desired 
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frequencies. Broadband repeaters which do not need to be tuned to the de- 
sired frequency are also known in the field. 

In the prior art, the repeaters are manually adjusted to use the de- 
sired frequencies. In that case, a person in charge of maintenance travels to 
5 each repeater and adjusts, either mechanically or via a computer that is con- 
nected to the serial port of the repeater, the frequencies used by the repeater. 
In another approach, the person in charge of maintenance adjusts the fre- 
quencies by manual remote control. In that case, the repeater is arranged to 
receive information on the correct frequency by a radio modem, for example. 

10 The radio modem may be a conventional GSM telephone, for example, with a 
modem card connected thereto. The repeater may also be arranged to receive 
information on the correct frequencies via a short-message service, in which 
case a GSM telephone is also 1 connected to the repeater. 

However, a problem in the above-mentioned arrangements is that 

15 they are manual operations involving extra work and being also extremely 
prone to errors. 

BRIEF DESCRIPTION OF THE INVENTION 

An object of the invention is thus to provide a method and equip- 
ment implementing the method so as to solve the above-mentioned problems: 

20 This is achieved by the method of the type presented in the introduction, which 
is characterized in that the repeater monitors the radio signals transmitted by 
at least one base station and automatically tunes to amplify the signals of the 
particular radio frequency on the basis of the information included in the radio 
signals it has monitored. 

25 The invention also relates to a repeater in a cellular radio network, 

amplifying radio signals of a bi-directional radio connection between a base 
station and a subscriber terminal at least at one particular radio frequency. 

The repeater of the invention is characterized in that the repeater 
comprises monitoring means for monitoring the radio signals transmitted by at 

30 least one base station, and adjustment means for automatically tuning to am- 
plify the radio signals of the particular radio frequency on the basis of the in- 
formation included in the radio signals it has monitored. 

The preferred embodiments of the invention are disclosed in the 
dependent claims. ~ 



WO 99/17476 PCT/FI98/00775 



3 

The invention is based on the idea that no special measures need 
be taken in order to change the frequencies amplified by a repeater. The re- 
peater monitors information that is even normally transmitted by a base sta- 
tion, and concludes the frequency at which it should operate on the basis of 
5 the information. 

The method and system of the invention provide many advantages. 
A person in charge of maintenance does not need to take any measures in 
order to set the frequencies used by the repeater. The work contribution previ- 
ously required in order to accomplish the task is no longer needed. In addition, 
10 the risk of committing errors becomes considerably smaller. As compared with 
the prior art manual remote control, the solution of the invention does not in- 
volve extra costs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, the invention will be described in more detail by 
15 means of preferred embodiments with reference to the accompanying draw- 
ings, in which: 

Figure 1 shows the structure of a cellular radio network; 

Figure 2 shows the structure of a transceiver; 

Figure 3 illustrates the use of a repeater; 
20 Figure 4 shows the structure of the repeater of the invention; 

Figure 5 shows the structure of the channel unit of a repeater. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows a typical structure of the cellular radio network of 
the invention. Only blocks essential to the description of the invention are in- 

25 eluded in Figure 1, but it is obvious to those skilled in the art that a conven- 
tional cellular radio network also comprises other operations and structures 
which do not need to be described in more detail in this context. The examples 
show a digital radio system using TDMA (Time Division Multiple Access), but 
the invention is suitable for use in all types of cellular radio networks using 

30 channel selective repeaters, in different types of hybrid systems, for example, 
and also in analog radio systems. 

A cellular radio network typically comprises a fixed network infra- 
structure, i.e. a network part, and subscriber terminals 150 that may be fixedly 
placed, vehicle mounted or portable terminal equipments. The network part 

35 includes base stations 100: Several base stations 100 are controlled in a cen- 
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tralized manner by a base station controller 102 communicating with them. 
The base station 100 comprises transceivers 114. Typically, the base station 
100 comprises 1 to 16 transceivers 114. In TDMA systems, for example, one 
transceiver 114 provides radio capacity for one TDMA frame, in other words, 
5 typically for eight time slots. 

The base station 100 comprises a control unit 118 controlling the 
operation of the transceivers 114 and a multiplexer 116. The multiplexer 116 
assigns traffic channels and control channels used by several transceivers 114 
to one transmission link 160. 
10 The base station 100 transceivers 114 communicate with an an- 

tenna unit 112 that implements a bi-directional radio connection 170 to the 
subscriber terminal 150. The structure of the frames to be transmitted on the 
bi-directional radio connection 170, which is called an air interface, is accu- 
rately defined. 

15 Figure 2 gives a more detailed description of the structure of a 

transceiver 114. A receiver 200 comprises a filter that blocks frequencies be- 
yond the desired frequency band. Next, a signal is converted into an interme- 
diate frequency or directly to a baseband, after which the signal is sampled 
and quantized in an analog-to-digital converter 202. An equalizer 204 com- 

20 pensates for interference caused by multipath propagation, for example. A 
demodulator 206 extracts a bit stream from the equalized signal, and the bit 
stream is transmitted to a demultiplexer 208. The demultiplexer 208 demulti- 
plexes the bit stream from different timeslots into distinct logical channels. A 
channel codec 216 decodes the bit stream of the distinct logical channels, in 

25 other words, it concludes whether the bit stream consists of signalling informa- 
tion to be transmitted to a control unit 214, or whether it is speech to be trans- 
mitted to a speech codec 122 of the base station controller 102. The channel 
codec 216 also carries out error correction. The control unit 214 carries out 
internal control tasks by controlling different units. A burst generator 228 adds 

30 a training sequence and a tail to the data coming from the channel codec 216. 
A multiplexer 226 assigns a specific timeslot to each burst. A modulator 224 
modulates digital signals to a radio frequency carrier. This is an analog opera- 
tion required to be executed by a digital-to-analog converter 222. A transmitter 
220 comprises a filter for narrowing down the bandwidth. Furthermore, the 

35 transmitter 220 controls transmission output power. A synthesizer 212 gener- 
ates the required frequencies for different units. The synthesizer 212 includes j> 
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a clock that can be controlled locally or in a centralized manner from else- 
where, from the base station controller 102, for example. The synthesizer 212 
generates the required frequencies by a voltage-controlled oscillator, for ex- 
ample. 

5 The structure of the transceiver can be further divided in the man- 

ner presented in Figure 2 into radio frequency parts 230 and into a digital sig- 
nal processor 232 including software. The radio frequency parts 230 include 
the receiver 200, the analog-to-digital converter 202, the digital-to-analog con- 
verter 222, the transmitter 220, and the synthesizer 212. The digital signal 

10 processor 232 including software includes the equilizer 204, the demodulator 
206, the demultiplexer 208, the channel codec 216, the control unit 214, the 
burst generator 228, the multiplexer 226, and the modulator 224. 

The base station controller 102 comprises a group switching field 
120, a transcoder 122 and a control unit 124. The group switching field 120 is 

15 used for speech and data switching and for connecting signalling circuits. The 
transcoder 122 converts different digital speech coding formats used between 
the public switched telephone network and the radio telephone network so that 
they are suitable for one another, for example from the 64 kbit/s format of the 
fixed network to some other format (for example 13 kbit/s), and vice versa. The 

20 control unit 124 carries out call control, mobility management, gathering of 
statistical information, and signalling. 

In the example of Figure 1, a connection is established via a mobile 
services switching centre 132 from the subscriber terminal 150 to a telephone 
136 connected to a PSTN 134 (Public Switched Telephone Network). 

25 An OMC (Operations and Maintenance Centre) controlling and 

monitoring the operation of the radio telephone system communicates with the 
mobile services switching centre 132. The OMC 132 is typically a relatively 
powerful computer including special software. The control may also focus on 
individual parts of the system, since data transmission connections between 

30 different parts of the system can be provided with control channels required for 
transmitting control information. 

In addition, the personnel installing the network and monitoring its 
use can utilize for example a portable computer including management soft- 
ware 140 (EM = Element Manager) for management of individual network 

35 elements. In the example of the figure, the device 140 is connected to a data 
transmission port in the control unit 118 of the base station 100 and it can 
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monitor and control the operation of the base station 100. It can examine and 
change the values of the parameters that control the operation of the base 
station, for example. 

Figure 3 shows an example illustrating the use of a repeater. A re- 
5 peater 302 is located within the coverage area of the base station 100. The 
repeater 302 uses an antenna 300 above ground level 306 for receiving a ra- 
dio signal 170A transmitted by the base station 100 via an antenna 112. The 
repeater 302 amplifies the received radio signal 170A and transmits, via an 
antenna 304 that is located in a car park 308 under the ground level 306, an 

10 amplified radio signal 170B to the subscriber terminal 150 placed inside a 
parked car. The repeater 302 operates bi-directionally, i.e. the radio signal 
170B received from the subscriber terminal 150 is also amplified, and the am- 
plified radio signal 170A is transmitted to the base station 100. The repeater 
302 and the base station 100 operate at the same radio frequencies, which is 

15 illustrated in Figure 3 by F1 indicating the radio frequency used by the radio 
signals 170A, 170B. 

Figure 4 gives a more detailed picture of the essential parts of the 
structure of the repeater 302 of the invention. The repeater 302 has 1-N chan- 
nel units 400, each being able to amplify radio traffic propagating via one base 

20 station 100 transceiver 114 in both transmission directions. Each channel unit 
400 communicates with two antennas, the first antenna 300 being required for 
the radio connection 170A with the base station 100, and the second antenna 
being required for the radio connection 170B with the subscriber terminal 150. 
The operation of each channel unit 400 is controlled by a control unit. The bold 

25 line in Figure 4 illustrates the propagation of one connection through the re- 
peater 400. 

Figure 5 gives a more detailed picture of the structure of the chan- 
nel unit 400. The channel unit 400 comprises two reception-transmission 
branches. A duplex filter 500A separating the transmission and reception fre- 

30 quencies from one another is located after the antenna 300 that provides the 
radio connection 170A to the base station 100. The upper reception- 
transmission branch shown in Figure 5 is composed of a receiver 502A, a 
power amplifier 504A and a transmitter 506A. Next there is a duplex filter 500B 
separating the transmission and reception frequencies from one another in an 

35 antenna 304 that provides the radio connection 170B to the subscriber termi- 
nal. The lower reception-transmission branch is composed of, similarly to the 
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upper reception branch, a receiver 502B, a power amplifier 504B and a trans- 
mitter 506B. Configured as in the example of Figure 5, the channel unit 400 
thus receives, amplifies and transmits, using the upper branch, the signal 
170A received from the base station 100 and performs, using the lower 
5 branch, the corresponding procedures to the signal 170 received from the 
subscriber terminal 150. 

The number of channel units 400 depends on the required traffic 
capacity within the area covered by the repeater 302. Figure 4 shows N chan- 
nel units, although considerably fewer units may be used; the radio repeaters 
10 302 with one or two channel units 400 are used for covering low capacity ar- 
eas. 

Having described a typical structure of a cellular network, a typical 
operating situation of a repeater 302 and an example of the structure of the 
repeater 302, let us next study the operation of the invention. As already men- 

15 tioned above, a major problem associated with the repeater 302 is how to 
configure it to use the same frequencies as the base station 100. This is a 
problem particularly in commissioning the network and, after the commission- 
ing, each time modifications or extensions are made to the network to change 
the frequency planning of the network. 

20 Figure 3 described how the base station 100 uses the frequency F1 

for its traffic. In practice; more frequencies are used, but for the sake of clarity 
of the example, the description is limited to only one frequency. Let us also 
study Figure 4 showing that the repeater 302 comprises monitoring means 
404 for monitoring the radio signals 170A transmitted by at least one base sta- 

25 tion. The radio signals 170A monitored by the repeater 302 comprise a control 
channel including information on the operating frequencies of the base station 
100. In other words, this information is not intended for adjusting the frequen- 
cies of the repeater 302 as such, but it is system information of the cellular 
radio network, transmitted to the subscriber terminals 150 as broadcasts to 

30 control the operation of the terminals. One of the control channels is a broad- 
cast control channel BCCH including information on the operating frequencies 
of the base station 100. In the GSM 900 system, for example, the frequency 
information is transmitted as coded into a cell allocation table including infor- 
mation on 124 frequencies in 16 octets, the use of the frequency by the base 

35 station 100 being indicated by the on/off state of a single bit. 
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The table also includes a base station identity code BSIC identifying 
the base station 100. The repeater 302 identifies the correct frequencies on 
the basis of the BSIC, for information is set in the repeater 302 on the base 
station 100 whose frequencies it has to repeat In other words, the repeater 
5 302 monitors a predetermined base station 100. If the BSIC of the base station 
100 is changed, the same change must also be made to the repeater 302 by 
manual remote control, for example. Another alternative is that the repeater 
302 monitors the best receiving base station 100 of the correct operator and 
tunes to repeat its frequencies. 

10 In accordance with the examples of Figures 3 and 4, the repeater 

302 thus uses the monitoring means 404 for receiving the control channel sig- 
nals 170A transmitted by the base station 100. It is possible to process the 
control channel signals 170A in two ways: they can be processed either in the 
monitoring means 404 or they can be transmitted to adjustment means 402 for 

15 processing. In processing, information on the frequency or frequencies at 
which the repeater 302 has to operate is decoded from the control channel 
signals 170A. In accordance with the example of Figure 3, the control channel 
signals 170A indicate that the repeater 302 must operate at the frequency F1. 
Next, the adjustment means 402 adjust the channel units 400 of the repeater 

20 302 to repeat the signals at the frequency F1 . 

In practice, there are more frequencies that are repeated in use but 
only the frequencies that have changed are changed in channel units 400. The 
frequencies that remain unchanged do not need to be changed. 

The invention is preferably so implemented that the monitoring 

25 means 404 are similar to the conventional subscriber terminal equipment 150. 
Depending on the type of subscriber terminal 150, slight modifications may be 
necessary so that the required information can be transmitted from the moni- 
toring means 404 to the adjustment means 402. 

A conventional GSM telephone is locked into the best receiving 

30 base station 100 of the correct operator, and, consequently, if it is desired that 
the telephone is locked into a particular base station 100, its operation must be 
somehow modified. Mobile telephone manufacturers typically provide their 
telephones with various test modes by means of which the desired property 
can be implemented easily. 

35 The structure of the subscriber terminal 150 can be described by 

utilizing the description of the structure of the transceiver 1 14 of Figure 2. The 
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components of the subscriber terminal 150 are operationally the same as 
those of the transceiver 114. In addition, the subscriber terminal 150 com- 
prises a duplex filter between the antenna 112, the receiver 200 and the 
transmitter 220, user interface parts and a speech codec. The speech codec is 
5 connected via a bus 240 to the channel codec 216. However, the speech 
codec and the user interface parts are not needed in the monitoring means 
404 of the invention. It is essential that the monitoring means 404 comprise 
the radio frequency parts 230 for monitoring the control channels, and the 
digital signal processor 232 including software, used for separating the infer- 

10 mation that is included in the control channels from the received signal 170A, 
and possibly for decoding it, and at least for transmitting it to the adjustment 
means 402 which can also carry out decoding of the information. 

The invention is preferably implemented in the adjustment means 
402 by software, whereby the invention requires relatively simple modifications 

15 in an accurately specified section in the processor included in the adjustment 
means 402. The repeater 302 may also be so implemented that the adjust- 
ment means 402 are distributed to each channel unit 400, whereby the opera- 
tion of the invention is also distributed to the adjustment means 402 located in 
the control units 400. 

20 Although the invention is described above with reference to the ex- 

ample according to the accompanying drawings, it is obvious that the invention 
is not restricted thereto, but it can be modified in many ways within the scope 
of the inventive idea disclosed in the attached claims. 
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CLAIMS 

1 . A method of adjusting the radio frequency of a repeater (302) in a 
cellular radio network, the repeater (302) amplifying radio signals (170) of a bi- 
directional radio connection between a base station (100) and a subscriber 
5 terminal (150) at least at one particular radio frequency, characterized 
in that the repeater (302) monitors the radio signals (170) transmitted by at 
least one base station (100) and automatically tunes to amplify the signals 
(170) of the particular radio frequency on the basis of the information included 
in the radio signals (170) it has monitored. 
10 2, A method as claimed in claim 1, characterized in that the 

radio signals (170) monitored by the repeater (302) comprise a control channel 
that includes information on the operating frequencies of the base station 
(100). 

3. A method as claimed in claim 2, characterized in that the 
15 control channel is a broadcast control channel BCCH. 

4. A method as claimed in any one of the preceding claims, 
characterized in that the repeater (302) monitors a predetermined 
base station (100). 

5. A method as claimed in any one of the preceding claims, 
20 characterized in that the repeatec s (302) monitors a best receiving base 

station (100). 

6. A repeater (302) in a cellular radio network, amplifying radio sig- 
nals (170) of a bi-directional radio connection between a base station (100) 
and a subscriber terminal (150) at least at one particular radio frequency, 

25 characterized in that the repeater (302) comprises monitoring means 
(404) for monitoring the radio signals (170) transmitted by at least one base 
station (100), and adjustment means (402) for automatically tuning to amplify 
the radio signals (170) of the particular radio frequency on the basis of the in- 
formation included in the radio signals (170) it has monitored. 

30 7. A repeater as claimed in claim 6, characterized in that 

the radio signals (170) monitored by the monitoring means (404) comprise a 
control channel including information on the operating frequencies of the base 
station (100). 

8. A repeater as claimed in claim 7, characterized in"that 
35 the control channej is a broadcast control channel BCCH. 
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9. A repeater as claimed in any one of claims 6 to 8, charac- 
terized in that the monitoring means (404) monitor a predetermined base 
station (100). 

10. A repeater as claimed in any one of claims 6to9, charac- 
5 terized in that the monitoring means (404) monitor a best receiving base 

station (100). 

1 1 . A repeater as claimed in any one of claims 6 to 10, charac- 
terized in that the monitoring means (404) are similar to the subscriber 
station equipment (150). 
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